The photospheric lines in the visual region of the cool magnetic CP star HR 7575 have been analyzed using a high-dispersion spectrogram obtained at the Dominion Astrophysical Observatory. The fully lineblanketed ATLAS9 model atmospheres of 10-times the solar metal content were employed to calculate the elemental abundances. The effective temperature T e ff, derived from the optical and ultraviolet energy distributions, points to 8500 ±300 K, while the ionization balance of iron is not reproduced at this effective temperature. The abundances derived from individual CrI, Cm, and Fell lines apparently depend on their effective Lande factors. This implies that the Cr and Fe lines are intensified by the strong magnetic field on HR 7575. Their abundance enhancement is estimated to be about 0.7 dex based on a computation of the Unno-Beckers equation. The overall abundance patterns of HR 7575 are comparable to other cool magnetic CP stars. Of the analyzed elements, only Mg and Sc have nearly solar abundances, while Cr, Mn, Sr, and rare earths are overabundant by 1 to 5 dex.
Introduction
It is generally accepted that magnetic chemically peculiar stars [CP2 stars, in the classification of Preston (1974) ] consist of two groups of different effective temperatures: a cooler one which shows an enhancement of elements such as Cr, Sr, and Eu, and a warmer group which exhibits an unusual strength of Si lines. Their spectroscopic properties and peculiarities of elemental abundances have been summarized in a number of papers, such as Preston (1974) , Wolff (1983) , Adelman and Cowley (1986) , Ryabchikova (1991) , and Cowley (1993) .
HR 7575 (HD 188041 = V1291 Aql) is a cool magnetic CP star with an exceptionally long period of light variation of about 224 days among these stars (Babcock 1960; Wolff 1969) . In his catalogue, Osawa (1965) noted its spectral feature as "Sr Cr Eu strong, hydrogen spectral type : A2, and metallic type : F2". A major photometric property of HR 7575 is its very large rai value, defined as mi = (v -b) -(b -y) . Therefore, it is clearly recognizable on the c\-m\ plane from other stars, including normal, Am, and Ap stars (Warren 1973) .
The four-color photometry by Jones and Wolff (1973) showed that at a phase of P = 0.45 (corresponds to the maximum phase of the magnetic field) the v mag (around 4100 A) drops by 0.1 mag, the variation in the w-band (around 3500 A) is very small, and there is no change in the 6-band (around 4700 A), while the V mag (around 5400 A) increases by 0.02 mag. This phenomenon can be seen more clearly in the ten-color photometry of Musielok et al. (1980) . That is, the "null wavelength region" is present between 4500 A and 5000 A, and the light at the blue portion varies in antiphase with that at a longer wavelength range. This is usually interpreted as an effect of the variable backwarming of radiation due to lineblanketing, which results in a redistribution of radiation from the ultraviolet to the visual region (Kodaira 1967 (Kodaira , 1973 Jones, Wolff 1973; Schoneich 1981) . In addition, a change in the /3-index is also observed. It shows a minimum at a phase of 0.4, and a maximum at a phase of 0.9; this change is in synchronization with the variation of V mag (Musielok 1986a (Musielok , 1986b Musielok, Madej 1988) .
The magnetic field of HR 7575 was first detected by Babcock (1954 Babcock ( , 1958 . After his pioneering study, a number of authors have attempted to measure the magnetic field and related spectroscopic phenomena on HR 7575. We can find several measurements of the strength in the catalogue of Didelon (1983) , such as -230-+1470 Gauss, +4000 G, and +350-+1270 G. Preston (1971) has reported a mean surface magnetic field of up to 4600 G based on observations of Cr and Fe line features broadened by the Zeeman effect. Mathys (1990) succeeded to display that the Fel line at 6149.24 A has a fully resolved Zeeman pattern, from which he determined the strength of the magnetic field to be 3300 G (Mathys, Lanz 1992) . Moreover, Mathys (1991) has obtained some different mean longitudinal magnetic fields of 905-1850 G from the polarization of Cr and Fe lines. The magnetic field on HR 7575 is also known to vary at the period of light variation (Babcock 1960; Wolff 1969; Catalano, Renson 1984; Mathys 1991) . It has been shown by Jones and Wolff (1973) that the line strengths of rare earths and iron-group elements slightly increase at a phase of a stronger magnetic field. These magnetic and spectroscopic properties strongly suggest that HR 7575 has a non-uniform distribution of some elements over the surface. However, we can find no literature to show explicitly the presence of such spots of elements.
Spectral-line identifications were made by Hartoog et al. (1973) using the wavelength coincidence statistics (WCS) method; they found the so-called Nd-Sm anomaly, a phenomenon that lines of Nd and Sm are not successfully detected, while other rare earth elements such as Eu, Ce, and Gd show unusually strong features (Cowley 1976 (Cowley , 1977 (Cowley , 1979a Cowley, Aikman 1980) . Spectral lines of heavy elements in HR 7575 have been systematically investigated by Cowley and his colleagues: Cowley (1976) for Y, Ba, and lanthanides, Cowley (1977) for Pt, Cowley et al. (1977) for U and Th lines, and Cowley (1979b) for V and other metals. A very strong feature of Li I at 6708 A was found by Faraggiana et al. (1986) . In the ultraviolet spectra taken by the IUE satellite, Faraggiana (1989) identified Pb lines, although no features of Th and U were found. Mathys and Cowley (1992) have detected a line of doubly ionized praseodymium (Prill) at 6160.2 A. A systematic line-by-line identification for 1243 lines was performed by Kato and Sadakane (1993) in the spectral range from 4200 A to 4600 A.
Elemental abundance analyses were made by Allen (1977) for Fe, Sr, Y, and Zr, and Allen and Cowley (1977) for Cr, Mn, and Fe. They concluded that the abundances of Fe and Y are solar, and Cr, Mn, and Zr are overabundant by 1 to 2 dex. However, these abundance results seem to be fairly moderate because other cool magnetic CP stars show higher abundances up to 5 dex (these large values are obtained without taking into account the influence of magnetic intensification or hyperfine-structure splitting). As noted above, HR 7575 has a very large rai value compared with that of other magnetic stars, which suggests that line blanketing due to more abundant metals is very significant. Therefore, a fine analysis using recent fully line-blanketed model atmospheres is desirable to explore the abundance property of this cool magnetic CP star. In this paper, we discuss the abundance analysis for HR 7575 using Kurucz's (1993a) 
Spectrogram and Line Selection
We used a high-dispersion spectrogram (2.4 A mm -1 , plate number 9483) obtained at the Dominion Astrophysical Observatory (DAO) at Modified Julian Date = 42350.1299, which corresponds to a phase of 0.67 (based on Jones and Wolff 1973) or 0.77 (based on Mathys 1991) after the maximum of the magnetic field. This is the same material as that employed in analyses by Cowley (1976) , Allen (1977) , and Allen and Cowley (1977) . The spectrogram was digitized using a PDS machine during the stay of one of the authors (K. S.) at the DAO in 1990. It covers the spectral region from 4194 A to 4602 A, from which we measured the equivalent widths of 1243 lines. The details concerning line identification are presented in Kato and Sadakane (1993) . We selected clean lines suitable for an abundance computation during the line identification. Some contaminated lines of the key elements, such as Mgll and EuII, were also included, if necessary. All of the equivalent widths were measured using the data-processing software package IRAF (Image Reduction and Analysis Facility, distributed by the National Optical Astronomy Observatories) with the help of the spectral data-analysis tool Nijiboshi (it means stars with rainbow colors) developed by J. Katahira and T. Hasui to be used on personal computers.
In a previous study (Kato, Sadakane 1993) , the equivalent widths were evaluated using the gf values cited in the ATMLINE database (Horaguchi, Hirata 1989 ) for a total of 20670 lines in the corresponding wavelength range. We have found that the input elemental abun-dances should be increased by 0.3 to 5 dex from the solar values to reproduce the observed equivalent widths. Finally, 93% of the lines with their equivalent width of W x > 50 mA were possibly identified. The following atomic species have clean lines : Cal, Sell, Till, CrI, Cm, Mnl, Mnll, Fel, Fell, Nil, LaII, Cell, Prll, EuII, and Gdll. However, we have failed to confirm the identification of the Moll lines (cf, Cowley 1993) .
It is extremely difficult to place the continuum level, because its spectrum is crowded with so many strong abt -l sorption lines. The mean line density is 3.1 lines A . This should be compared with 2.3 lines A for the lower temperature star Procyon (F5 IV-V). Therefore, the measured equivalent widths may be subject to large errors. The selected lines and their equivalent widths are presented in table 2.
Model Parameters
Adelmanetal. (1989) Breger ( The flux data, colors, and H7 line profiles are used to derive the effective temperature T e ff and the surface gravity log#, where Kurucz's (1993a) ATLAS9 model atmospheres of 10-times the solar metal content are employed.
Continuum Fluxes and Colors
We compare in figure 1 the observed Paschen continuum fluxes (Breger 1976; Adelman et al. 1989 ) and the model flux distributions for logg = 3.5, both of which are normalized at 5000 A. We can find dips of fluxes at 4200 A (1/A = 2.38) and at 5200 A (1/A = 1.92), and a weak dip at 6300 A (1/A = 1.59). Such an unusual flux distribution appears in the spectra of many cool CP stars (e.g., Adelman 1981) . Since model fluxes for the solar abundance atmospheres show no distinct dip at around 5200 A (1/A = 1.92), these features are expected to reflect the selective absorption by metallic lines (Adelman, Cowley 1986; Lebedev 1987) . From the comparison in figure 1 , we obtain T e ff = 8600 K for the flux distribution at longward of A 6000 A, and T eff = 8200 K for the blue portion. Finally, we estimate T eff = 8500 ± 300 K. We examined two cases for the surface gravity of logg = 3.5 and 4.0, and found that the model fluxes are insensitive to the choice of the surface gravity.
We tried to determine the effective temperature from the color indices by taking the unusual continuum fluxes of HR 7575 into account. Here, we assume logg = 3.5, because the flux distributions and, resultantly, colors are weakly dependent on the surface gravity, as shown above. Based on a calibration by Lester et al. (1986) for 10-times the solar composition, T e ff = 7950 K can be derived from b -y -0.051 (Hauck, Mermilliod 1980) and T eff = 8010 K from b-y = 0.046 (Warren 1973) . Smalley and Dworetsky's (1995) calibration for the /?-index indicates T e ff = 8100 K. Empirical T e^-uvby relations for magnetic CP stars constructed from effective temperatures obtained by many spectroscopists (Megessier 1988; Shallis, Blackwell 1979; Shallis et al. 1985; St §pieh, Dominiczak 1989) point to T eff = 8200 K. The color measurements by Hauck and North (1982) in the Geneva system for HR 7575 were converted to effective temperature by the formula of Hauck and North (1993) . This yields T e ff = 8100 K. From these photometries, T eff = 8070 ± 200 K is concluded.
Ultraviolet flux measurements by the TD1 (Thompson et al. 1978 ) and the ANS (Wesselius et al. 1982) satellites are available for HR 7575. To establish an empirical relation between the flux ratios [/(1565 A)//(1965 A), /(1565 A)//(2365 A)] measured by the TD1 satellite and effective temperatures, we employed empirical temperatures of magnetic stars determined by Megessier (1988) , Shallis and Blackwell (1979) , Shallis et al. (1985) , and St §pieri and Dominiczak (1989) Shallis et al. 1985) , except for band 18. Thus, we obtain T eff = 8700 ±200 K from ultraviolet fluxes. Figure 3 represents the H7 line profiles measured on the intensity tracings and theoretically evaluated profiles for logg = 3.5 using the unified theory of Vidal Although a lower or higher temperature model of T e ff = 7300 K or 9500 K is preferable, these temperatures are not compatible with the values derived in subsection 3.1. When a larger surface gravity of logg = 4.0 is chosen, the theoretical profiles deviate fairly from the observations compared with those for logg = 3.5. That is, the model of logg = 3.5 permits a better match to the effective temperatures obtained above. Faraggiana and Gerbaldi (1993) 
H7 Line Profiles

Final Model Parameters
By giving weight to the result of the optical energy distribution, we adopt T e ff = 8500 ± 300 K as the final effective temperature of HR 7575. This is very close to the value of 8650 K cited in the catalogue of Glagolevskij (1990) . We can get an indication of logg for HR 7575 to be near 3.5 from the H7 line profiles. An examination of the ionization temperature for Fe supports the choice of the surface gravity. It is found that when logg = 4.0 is chosen, the ionization temperature will be 9700 K. This is greater by 450 K than that for logg -3.5 models and deviates greatly from the adopted effective temperature.
We use the ATLAS9 model atmosphere of (T e ff, logg, [M/H]) = (8500 K, 3.5, +1.0) in the following analysis.
Analysis
4-1. Microturbulent Velocity £
The microturbulent velocity £ is obtained from the log£(Fe)-£ relations for iron lines. They give 2.0 km s _1 for neutral lines, and 1.5 km s -1 for ionized lines. Finally, the following mean microturbulent velocity is adopted: f = 1.75 ±0.5 km s"
(1)
We should note that it is very severe to find a unique microturbulent velocity. An estimation based on the requirement that the derived abundance be independent of the equivalent width gives different microturbulent velocities depending on the elements. For the Cm, Fel, and Fell lines, £ = 0.0 km s _1 seems to be acceptable. However, the CrI and Cell lines show £ = 1.75 km s -1 , and a greater value is appropriate for Gdll. Ryabchikova et al. (1997) reported that the intrinsic microturbulence can be close to zero for the cool magnetic star 7 Equ. They suggest that the magnetic field intensifies the lines due to the Zeeman effect, which mimics additional microturbulence. In the next section it will be shown that the absorption lines in HR 7575 are fairly intensified by the magnetic field. The unusual microturbulent velocities found in HR 7575 are possibly explained in the same way in 7 Equ.
Abundance Computation
Elemental abundance computations were performed with WIDTH9, a companion program to the ATLAS9 (Kurucz 1993a) . Damping constants were taken from Takeda (1984) , and when no data were available in it, the internal approximations for damping in the WIDTH9 were used. The oscillator strengths were taken from Wiese and Martine (1980) for Mgll and Cal, Martine et al. (1988) for Sell, Till, and CrI, Fuhr et al. (1988) for Fel and Fell, and ATMLINE database (Horaguchi, Hirata 1989) for heavier elements. When no gf values were found in the literature, Kurucz's (1994a, b, c) compilations were adopted for Till, CrI, CrII, Mnll, Fel, and Fell. For the EuII line at A4205.05, broadened heavily due to the hyperfine splitting (e.g., Biemont et al. 1982) , the technique of spectrum synthesis was applied to obtain the equivalent width using the program SYN-THE (Kurucz 1993b) .
The abundance results for each line are shown in table 2. The consecutive columns are the element (and solar abundance value), the wavelength A, the lower excitation potential x m e V, the log gf value, the radiative damping constant logg ra d; 0 means the adoption of the natural damping constant, the quadratic Stark damping constant (when no data was available, the internal form of WIDTH9 was chosen; it is indicated with 0), the van der Waals damping constant or the correction factor to the internal form of WIDTH9 (when its absolute value is less than 10, it is a logarithmic correction factor), the measured equivalent width W\, the weight (the highest weight 5 is given for very fine and unblended lines, and the lowest value 1 is for lines severely blended or broken) used at the final averaging of abundances, the computed abundance for the adopted effective temperature T e ff = 8500 K, and the abundance for the model of T e ff = 9500 K, which will be used to estimate the effect of the choice of models, respectively. Weighted mean abundances relative to those of the Sun are presented in brackets for each element.
Ionization Equilibria of Cr and Fe
As can be seen from tables 2 and 4, the iron abundance derived from neutral lines is lower by 0.50 dex than that from ionized iron lines. A higher effective-temperature model of T e ff = 9250 K is necessary to achieve an ionization balance for iron. For Cr, the abundances deduced from both ionic species yield the same value at T e ff = 8300 K, which is consistent with the adopted effective temperature.
4-4-Excitation Equilibria of Cr and Fe Lines
The second inconsistency in the results of the adopted model atmosphere is that the derived abundances depend on the lower excitation potential. To bring the abundances deduced from individual lines with various excitation potentials into agreement, a significantly higher temperature model of T e ff = 10000 K is preferable for both Cr and Fe.
Line Intensifications by the Magnetic Field
The magnetic field of up to 4000 G on HR 7575 is exceptionally strong among the cool CP stars (Didelon 1984) . The influence of the magnetic field can be seen, for instance, in the Fe II lines at 4385.38 A and 4416.81 A. These lines have been studied in detail by Takeda (1991) as a line pair that is suitable for searching stellar magnetic fields. They belong to the same multiplet, and their gf values are essentially the same, while their effective Lande factors Z (position of the gravity center of the sigma components; Babcock 1962) are different. Therefore, the difference in the observed line strengths is expected to give the effect of the magnetic field. The present result for HR 7575 certainly shows the line at Z = 0.833) . This suggests that the magnetic intensifications due to Zeeman broadening should be taken into account to evaluate intrinsic elemental abundances.
Abundances versus the Effective Lande Factors Z
We present an additional examination of magnetic intensifications in figure 4 , in which the Fe and Cr abundances are displayed as a function of the computed effective Lande factors Z. Their abundances, except for Fe I, increase with the effective Lande factor. This trend is the same as a result of, for instance, Kupka et al.'s (1996) demonstration (figure 1 of their paper) for the iron lines of the rapidly oscillating Ap star a Cir (HR 5463).
Abundance Change due to the Magnetic Field
To estimate more explicitly the influence of the magnetic field to the elemental abundances, we solve the Unno-Beckers equation, which describes the transfer of the Zeeman line radiation in the presence of a magnetic field. It was first formulated by Unno (1956) and revised by Beckers (1969) to include the magneto-optical effect. The equation in terms of the Stokes parameters (I, Q,U,V) is expressed under the condition of the local thermodynamic equilibrium (LTE) as follows (van Ballegooijen 1987) :
where 5L and S c are the line and continuum source functions; K C is the continuum opacity; K>I,KQ,KUI an d K>V are the line opacities in each polarization mode; pQ,pu-, and pv describe magneto-optical effects; p is the direction cosine of a ray; and x is the geometrical depth measured from the stellar surface. Unlike the opacities appearing in the transfer equation of unpolarized light, the «'s and p's are generally dependent on the angle of the magnetic field to the line of sight and on the azimuthal angle of the magnetic field. We assume that both the continuum and the line spectrum will be formed under the condition of LTE. Then, the source function of S^ and S c can be expressed as the Planck function B for black-body radiation, so that equation (2) will be reduced to a function of x if we choose Allen, Cowley (1977) = (8000, 4.0, 3.5 ). *The relative abundance to the Sun after applying the correction for magnetic intensification. some model atmosphere. As an initial condition, we assume that I -5L = S c = £, and Q = [/ = V = 0ata fairly deep layer.
Equation (2) is solved by adopting the lambda operator method (Rees, Murphy 1987) , where we also assume that [i -0 (that is, disk center), the angle of the magnetic field to the line of sight is 45°, the azimuthal angle of the magnetic field is arbitrary, and the Zeeman splitting patterns are described by the LS coupling.
The background continuum opacities, the line opacities, and the ionization degrees of the atomic elements are computed using a simple code written by one of the authors (K. K.) with the help of Mihalas (1967) .
We select a total of 16 clean Cr and Fe lines (weight = 5) from table 2 to compute their intensity profiles I at a disk center under the condition of the presence of a magnetic field of 4000 G. Here, we consider the specific intensity at a disk center to be equivalent to the flux from the stellar surface. From a theoretical viewpoint, although the stellar spectra should be reproduced by integrating the specific intensity over a stellar disk, it is presently impossible for HR 7575, because of a lack of information concerning the geometrical structure of the magnetic field.
The Zeeman-broadened profiles are repeatedly simulated by solving the equation to reproduce the measured line strengths. Thus, we obtain abundances for the case of no magnetic intensification, which are compared in table 3 with those computed directly from the measured equivalent widths. The consecutive columns in table 3 are the wavelength, the term designation, the effective Lande factor (Z; computed on the assumption of LS coupling), the measured equivalent width W\, the logarithmic abundance logs computed from this equivalent width, the equivalent width W£ expected for the case of no magnetic intensification, the abundance log e* derived from W£, and the abundance difference between the two cases, respectively.
The final mean iron abundances for the case of no magnetic intensification are 7.50 and 7.73 for Fel and Fell, respectively, which are consistent with the recent solar value of 7.51 (Holweger et al. 1995; Blackwell et al. 1995; Anstee et al. 1997) . On the other hand, after a correction of the effect of magnetic broadening, the Cr abundances are still greater than the solar value, ranging from 2.02 dex (Crl) to 1.30 dex (Cm), as revealed by tables 3 and 4.
and Cr, which are greater by 1 dex than the means.
The elemental abundances in this study are systematically larger than those of Allen (1977) and Allen and Cowley (1977) by 0.14 to 1.17 dex, except for Sr. Our result for Sr is smaller than that of Allen (1977) . We note that the SrII line at 4215.52 A is very sensitive to the choice of the damping constants. If we adopt an internal damping form of the WIDTH9 program, the Sr abundance will increase by 0.80 dex. The discrepancy in the abundances between Allen and us can be partly explained by the differences in the analysis method, model parameters, atmospheric models, and line parameters. In particular, a higher microturbulent velocity of f = 3.50 km s _1 by Allen (1977) yields lower abundances for all elements by 0.5 dex compared with the case of £ = 1.75 km s -1 . Mathys (1991) has measured two Cm lines, four Fel lines, and three Fell lines lying between 5871 A and 6380 A for HR 7575. With their equivalent widths, the abundances of Cr and Fe were computed for the adopted model atmosphere of T e ff = 8500 K. The resulting abundances are 8.46 for Cr, 8.70 and 9.22 for Fe, which are systematically larger than our present results by 0.5 dex. The temperature at which the Fel and Fell lines yield equal abundances is 9100 K. This is higher by 600 K than the adopted effective temperature, and well match to our ionization equilibrium temperature of 9250 K.
Abundances Derived from Mathys 1 (1991) Equivalent Widths
Ionization Equilibria of Cool Magnetic CP Stars
In order to examine the reliability of the breakdown in ionization equilibrium (see, subsection 4.3), we tried to recompute the abundances of Cr and Fe for four magnetic CP stars (HD 8441, HD 2453, 73 Dra, (3 CrB) by replacing the gf values, damping constants, model atmospheres, and the abundance computation code with those employed in this study. The equivalent widths for HD 8441 (A2 Sr), HD 2453 (Al SrEuCr), 73 Dra (A2 SrCrEu), and /3 CrB (A9 SrEuCr) were taken from Adelman (1984) , Adelman (1973) , and Sadakane (1976) , respectively. The resultant temperatures necessary to achieve ionization equilibria are given in table 5. Since the microturbulent velocities are not explicitly given for HD 2453 and /? CrB, the abundance computations were made for two velocities.
A fairly large temperature splitting (AT e ff = 700 K) in ionization equilibria is found only in 73 Dra.
We have anticipated that the ionization equilibrium temperatures would be different for each element in magnetic stars, because the magnetic intensifications depend on the property of the atomic structure of individual elements. However, it is impossible to conclude from these samples that the temperature splitting is a general phenomenon in magnetic CP stars.
Conclusion
In this analysis the following model paramaters are adopted: T e ff = 8500 ± 300 K, logg = 3.5, the microturbulent velocity £ = 1.75 ± 0.5 km s _1 , and 10-times the solar metal content.
An effective temperature of 8500 ±300 K is determined from the flux distributions.
The adopted surface gravity is a result of compromise choosing. An inspection of the H7 line profiles implies that the surface graivity logg may be smaller than 3.5.
An uncertainty remains in the microturbulent velocity. It seems to depend on the individual elements.
Most of the lines are intensified by the strong magnetic field. By solving the Unno-Beckers equation, the abundances change due to the Zeeman broadening, which is estimated to be from 0.1 to 1.1 dex for Cr and Fe.
The elemental abundances of 17 species were obtained by an LTE model atmosphere analysis. Of the analyzed elements, Mg and Sc have nearly solar abundances, while Cr, Mn, and rare earths are overabundant by 1 to 5 dex. The most important result is a breakdown of the ionization balance between Fe I and Fe II.
We applied in this study the usual method of model atmosphere analysis to the magnetic CP star HR 7575. However, we failed to consistently perform the analysis because of peculiarities appearing in the H7 line profile, in the microturbulence, in the ionization balance of Fe, in the excitation equilibria of Cr and Fe, and in the magnetically broadened spectrum lines. Further improved model atmospheres applicable to the magnetic stars are needed for more reliable abundance studies.
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